Introduction 50
Pectins are a complex family of heteropolysaccharides that constitute a large proportion of the 51 primary cell walls of dicotyledons and play important roles in growth, development and 52 with ferulic acid i.e. the arabinan, galactan or arabinogalactan side chains present on the RG-I 219 region of sugar beet pectin. We can see from the differences between the RI and UV profiles 220 that there are distinct populations of pectic molecules; the components eluting at the lowest 221 elution volumes (12 -14 ml) appear to be richer in ferulic acid than the species, which elute 222 between 14 -18 ml and should therefore also be richer in neutral sugars. We propose that this 223 neutral sugar/ ferulic acid rich component is the result of dimerisation of pectins via diferulic 224 bridges. Diferulic acids are known to be present in this pectin sample (11 % of total ferulic 225 acids) and have recently been shown to bridge arabinose residues of Driselase® degraded sugar 226 beet pectin (Levigne, et. al., 2004a) and to have peripheral locations on pectin hairy regions 227 (Levigne, et. al., 2004b) . 228 229 UV detection also allows a global estimate of the total % of ferulic acid in pectin A, which was 230 found to 0.8 % ( Table 1) , and is in good agreement with the value of 0.7 % found from C18 231 therefore the result of a loss of galacturonic acid and can be used as an indication of the purity of 234 the RG-I region. 235 236
Enzymatic hydrolysis of pectin A 237
After 24 hours of enzymatic hydrolysis of pectin A by PG and PME, the weight average molar 238 mass and weight average intrinsic viscosity were reduced considerably as can be seen by the loss 239 of higher molecular weight material this is consistent with previous estimates (Oosterveld, 240 Beldman, & Voragen, 2002) and was confirmed after purification ( Table 1) . As can be seen the 241 peak at 19 ml is unaffected by enzymatic hydrolysis by PG and PME this is consistent with this 242 being a fragment of a neutral sugar side chain and being free of GalA (Figure 3) . Furthermore 243 100 % of the ferulic acid substituted material is conserved in the pectic fragment at 16-17 ml 244 (excluding the peak at 19 ml) and the amount of ferulic acid has increased to 2.4 %. This is 245 consistent with the purification of the RG-I region of sugar beet pectin, as this is the result of the 246 loss of galacturonic acid and therefore concentration of neutral sugars. 247
248
It is however difficult to calculate the molar masses of the RG-I fragment using light scattering 249 due to the presence of galacturonic acid oligomers (Ralet, et. al., 2005b) presumed to be the RG-I fraction, although it has been shown previously (Ralet, et. al., 2005a) The RG-I region was found to contain 22 mol% GalA; 17 mol% Rha and 62 mol% neutral 272 sugars (GalA: Rha: NS ratio of 1.3: 1.0: 3.6) suggesting that this fraction is indeed the RG-I 273 region and the HG component has been almost entirely degraded, this was also supported by a 274 further increase in the amount of ferulic acid to 2.4 %, which is 3 times that present in pectin A 275 and is slightly larger than the increase in total neutral sugars ~ 2.6 times ( Table 1) . This fraction 276 was found to have a weight average molar mass of 188000 g/mol and the weight average 277 intrinsic viscosity is 36 ml/g ( Table 2 ), which is relatively low for a molecule of this molar mass 278 and is reflective of a highly compact or random coil conformation. This value is much higher 279 than previous estimates of 50000 g/mol (Oosterveld, et. al., 2002) and 12000 g/mol (Guillon, & 280 Thibault, 1990) calculated from light scattering and viscosity measurements respectively, but it 281 should be noted that in both cases the values are likely to be underestimated due to the presence 282 of contaminants e.g. galacturonic acid oligomers, salts and enzymes. In our case the weight 283 average molar mass of RG-I is greatly influenced by presence of "aggregates" appearing as 284 shoulders on the UV chromatogram at 13 -14 and 14 -15 ml (Figure 3) , the exact nature of 285 these aggregates is not clear, but we believe that any diferulic bridges present in the pectin A 286
would also be present in the purified RG-I region as enzymatic hydrolysis and chromatographic 287 separation appear to have no affect on ferulic acid residues. Another factor influencing the molar 288 mass is that at least some of the lower molar mass RG-I molecules may have co-eluted with the 289 larger oligogalacturonides during SEC fractionation. 290 
4.Conclusions 360
Acid extracted sugar beet pectin was shown to be heterogeneous in terms of composition and it is 361
proposed that a high molar mass ferulic acid-rich fraction may be the result of diferulic acid 362 bridging between pectin molecules and more specifically between the RG-I regions of pectin 363 molecules. 364
365
The enzymatic treatment of pectin A followed by AEC and SEC resulted in a RG-I fraction 366 which was now free of the HG component. This RG-I fraction was shown to be of high weight 367 average molar mass (188000 g/mol), but low intrinsic viscosity (36 ml/g), which is consistent 368 with a random coil conformation. This RG-1 fraction has a GalA: Rha ratio of 1.3: 1.0 and is 369 composed of almost 80 % neutral sugars and 2.4 % ferulic acid. 370
371
The HG fraction of acid extracted pectin was also characterised, although without further 372 purification and was found, to have a relatively low weight average molar mass (20000 g/mol), 373 but a rather high intrinsic viscosity (77 ml/g), which is consistent with previous molar mass and 
